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(57) ABSTRACT 

A communications device, e.g., a mobile wireless terminal, 
includes a plurality of antennas having different associated 
polarization directions. The plurality of antennas includes an 
electrical antenna, e.g., a dipole antenna and a magnetic 
antenna, e.g., a loop antenna or a slot antenna. In one embodi 
ment the electrical antenna is used for receiving and/or trans 
mitting signals associated with a vertical polarization direc 
tion, while the magnetic antenna is used for receiving and/or 
transmitting signals associated with a horizontal polarization 
direction in some embodiments different data streams are 
communicated concurrently via the electrical and magnetic 
antennas. Methods for operating the communications device 
to Switch between the electrical and magnetic antennas and/or 
to control reception and/or transmission are described. The 
novel antenna configuration facilitates the use of the horizon 
tal polarization direction communications between the com 
munications device and a base station without the need for 
directionally azimuth positioning the magnetic antenna. 
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METHODS AND APPARATUS FOR 
SUPPORTING COMMUNICATIONS USINGA 

FIRST POLARIZATION DIRECTION 
ELECTRICAL ANTENNA AND A SECOND 
POLARIZATION DIRECTION MAGNETC 

ANTENNA 

FIELD 

0001 Various embodiments relate to wireless communi 
cations systems, and more particularly to methods and appa 
ratus of using antennas having different polarizations. 

BACKGROUND 

0002. A large number of antenna types have been known 
for quite some time. For example, consider FIGS. 1, 2 and 3 
which illustrate various known types of antennas including a 
dipole antenna 10 shown in FIG. 1, a loop antenna 12 shown 
in FIG. 2 and a slot antenna 14 shown in FIG. 3. 
0003. In Multiple-input and multiple-output (MIMO) sys 
tems multiple antennas are normally used at both the trans 
mitter and receiver to improve the performance of radio com 
munications. In a MIMO system vertically and horizontally 
polarized dipole antennas may be used to receive and/or 
transmit vertically and horizontally polarized electromag 
netic waves, respectively. In theory the use of two dipole 
antennas, one horizontal and one vertical should allow for 
successful recovery of vertically and horizontally polarized 
signals. However, the combination has proven less than ideal 
under real world conditions encountered by mobile wireless 
devices. 
0004 Some of the problems with the use of dipole anten 
nas can be appreciated from the diagram of FIG. 4 which 
shows the azimuth directivity pattern 16 for a horizontal 
dipole antenna such as the antenna 10 shown in FIG.1. While 
the directivity pattern of a vertical dipole antenna is omni 
directional in the horizontal plane the corresponding pattern 
of a horizontal dipole varies considerably with the angle of 
incidence, as shown in FIG. 4. Note that the horizontal dipole 
cannot receive or transmit a wave from or in the direction it is 
pointing to as illustrated by the presence of nulls in the 
antenna pattern. Given the limitations of the dipole antenna in 
the horizontal direction, a Successful transmission and/or 
reception operation may require the user and/or some 
mechanical apparatus, to orient the horizontal dipole in Such 
a way that its broadside points to the direction of the receiver/ 
transmitter device with which communication is to be 
achieved. It should be appreciated that this approach is not 
very user friendly and can be relatively expensive when the 
rotation processes is implemented using a motor or other 
automated process. 
0005. In view of the above discussion, it would be desir 
able if improved methods and apparatus could be developed 
to provide antenna diversity in terms of both horizontal and 
Vertical polarized antennas being Supported but without the 
need to rotate or otherwise mechanically reorient a dipole 
antenna to achieve Suitable reception/transmission character 
istics relative to the position of another device with which 
communication is being attempted. 

SUMMARY 

0006 Methods and apparatus for receiving and transmit 
ting signals using a device including multiple antennas hav 
ing different polarizations are described. 
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0007 Various exemplary embodiments are directed to 
methods and apparatus which use an antenna configuration 
including combination of a vertical dipole and a loop antenna, 
where the loop is located in the horizontal plane. The loop 
antenna has a directivity pattern in the horizontal plane of the 
loop that is omni-directional in sharp contrast to the more 
limited directivity pattern of a dipole. This comes from the 
fact that the loop antenna tends to pick up the magnetic 
component of the electromagnetic wave, which is always 
vertical for a horizontally polarized wave, no matter from 
which direction the wave impinges on the antenna. In various 
embodiments a single RF-chain for processing the horizontal 
electromagnetic wave is used. The approach does not require 
mechanical alignment of a mobile, using the exemplary 
antenna assembly, in the horizontal plane towards the incom 
ing waveform. This provides a better approach for processing 
horizontal electromagnetic waves than trying to recover Such 
waves using a dipole antenna. 
0008. In one exemplary cellular system, base stations and 
mobile stations each including horizontally and vertically 
polarized antennas may be used in one, but not necessarily all 
Such embodiments, the base station uses a vertical dipole 
antenna and a horizontal dipole antenna with the horizontal 
antenna covering the angular region of a sector, e.g., typically 
120 degrees or less. In the exemplary system, in some 
embodiments a mobile is implemented to use a vertical dipole 
antenna and a horizontal loop antenna to transmit and/or 
receive the signals to/from the base station. The communica 
tion between the base station and the mobile station may use 
one or two of the polarization directions. 
0009. In one exemplary embodiment, a communication 
device, e.g., a mobile wireless terminal, comprises: an elec 
trical antenna, the electrical antenna having a polarization in 
a first direction; and a magnetic antenna, the magnetic 
antenna having a magnetic field direction which is within 45 
degrees of the first direction. In some such embodiments, the 
electrical antenna is a dipole antenna, and the magnetic 
antenna is one of a loop antenna and slot antenna. 
0010. An exemplar method of operating a communica 
tions device, in accordance with some embodiments, com 
prises: receiving signals using an electrical antenna having a 
polarization in a first direction to receive signals; receiving 
signals using a magnetic antenna having a magnetic field 
direction which is within 45 degrees of the first direction; and 
processing said signals received by said electrical antenna 
and said signals received by said magnetic antenna to recover 
communicated symbols. In some Such embodiments, the 
electrical antenna is a dipole antenna and the magnetic 
antenna is one of a loop antenna and slot antenna. 
0011 While various embodiments have been discussed in 
the Summary above, it should be appreciated that not neces 
sarily all embodiments include the same features and some of 
the features described above are not necessary but can be 
desirable in some embodiments. Numerous additional fea 
tures, embodiments and benefits of various embodiments are 
discussed in the detailed description which follows. 

BRIEF DESCRIPTION OF THE FIGURES 

0012 FIG. 1 illustrates a dipole antenna 
0013 FIG. 2 illustrates a loop antenna 
0014 FIG. 3 illustrates a slot antenna. 
0015 FIG. 4 illustrates an azimuth directivity pattern for a 
horizontal dipole antenna. 
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0016 FIG. 5 is a drawing of an exemplary antenna con 
figuration including a combination of loop antenna and a 
dipole implemented in accordance with one exemplary 
embodiment. 
0017 FIG. 6 illustrates an exemplary communications 
device implemented in accordance with one exemplary 
embodiment. 
0018 FIG. 7 illustrates another exemplary communica 
tions device. 
0019 FIG. 8 illustrates the contents of an exemplary 
memory which may be used as the memory of the communi 
cations devices shown in FIG. 7. 
0020 FIG. 9 illustrates a flowchart showing the steps of an 
exemplary method of operating a communications device in 
one exemplary embodiment. 
0021 FIG. 10 comprising the combination of FIG. 10A 
and FIG. 10B is a flowchart of operating a communications 
device in accordance with an exemplary embodiment. 
0022 FIG. 11 comprising the combination of FIG. 11A 
and FIG. 11B is a flowchart of operating a communications 
device in accordance with an exemplary embodiment. 
0023 FIG. 12 is a drawing of an exemplary communica 
tions system in accordance with various exemplary embodi 
mentS. 

0024 FIG. 13 illustrates an exemplary communications 
device implemented in accordance with yet another embodi 
ment. 

0025 FIG. 14 illustrates an exemplary memory which 
may be used in the communications device shown in FIG. 13. 
0026 FIG. 15 illustrates another exemplary communica 
tions device implemented in accordance with yet another 
embodiment. 
0027 FIG. 16 illustrates an exemplary memory which 
may be used in the communication devices shown in FIG. 15. 
0028 FIG. 17 is a flowchart of an exemplary method of 
operating a communications device in accordance with an 
exemplary embodiment. 
0029 FIG. 18, comprising the combination of FIG. 18A 
and FIG. 18B, is a flowchart of an exemplary method of 
operating a communications device in accordance with 
another exemplary embodiment. 
0030 FIG. 19 is a drawing of an exemplar communica 
tions system in accordance with various exemplary embodi 
mentS. 

DETAILED DESCRIPTION OF THE FIGURES 

0031 Methods and apparatus of the various embodiments 
are directed to using a combination of antenna elements to 
recover signals. In various exemplary embodiments while 
multiple antennas may be used, a single receiver and/or trans 
mitter chain may be used to allow for relatively low cost 
device implementations. In other embodiments, multiple 
receiver and/or transmitter chains may be used in a device. 
Exemplary communications devices include wireless termi 
nals such as cellphones, PDAs, and other portable devices as 
well as other devices such as base stations. 
0032 FIG. 5 shows one exemplary antenna assembly 20 
which includes a loop antenna 22 and a dipole antenna 24 
implemented in accordance with one exemplary embodi 
ment. The loop antenna may be and, sometimes is, an Alford 
loop antenna. In the FIG. 5 embodiment, the loop antenna 22 
has the coil portion of the loop antenna in a plane which is 
perpendicular to the upper and lower elements which makeup 
dipole antenna 24. Thus, in the FIG. 5 antenna assembly 20, 
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the dipole antenna which is an electrical antenna, has a polar 
ization in a first direction. The loop antenna 22, which is a 
magnetic antenna, has a magnetic field direction which is in 
the same plane as the direction of polarization of the dipole 
antenna. While the loop antenna 22 is kept in a plane perpen 
dicular to the dipole antenna 24, in some embodiments, it 
should be appreciated that the difference in the direction of 
the magnetic field of the loop antenna and the polarization 
direction of the dipole antenna may vary, depending on the 
embodiment, e.g., with the range in directions being from 0 to 
45 degrees. Such an arrangement allows the loop antenna to 
pick up electromagnetic waves polarized in a second direc 
tion while allowing the dipole antenna to pickup electromag 
netic waves polarized in a different, e.g., first direction. 
0033 Such embodiments such as the one illustrated in 
FIG. 5 differ significantly from other systems which use a 
dipole antenna located in the same plane as is the loop of a 
magnetic antenna. In Such systems both antennas pick up 
electromagnetic waves polarized in the same direction not 
different directions. 
0034. The output of the dipole antenna 24 may be recov 
ered from terminals 26 shown in FIG.5 while the output of the 
loop antenna may be recovered from terminals 28. In some 
embodiments, the dipole antenna 24 is used to recover verti 
cally polarized electromagnetic waves while the loop antenna 
22 is used to recover horizontally polarized electromagnetic 
waves. In Such a case, the omni-directional nature of the 
dipole antenna 24 located in the vertical direction is combined 
with the omni-directional directivity pattern of the loop 
antenna in the horizontal direction providing good overall 
directivity for both vertically and horizontally polarized 
WaVS. 

0035 FIG. 6 shows a communications device 200 in 
which the antenna assembly 20 of FIG. 5 may be used. The 
exemplary communications device 200 includes an electrical 
antenna 202, e.g., a dipole antenna, and a magnetic antenna 
204, e.g., a loop antenna or a slot antenna. The electrical 
antenna 202 has a polarization in a first direction and the 
magnetic antenna 204 has a magnetic field direction which is 
within 45 degrees of the first direction. In some embodiments, 
the first direction is substantially the same direction as the 
magnetic field direction. In some embodiments, the magnetic 
antenna 204 is an Alford loop antenna. 
0036) Device 200 also includes an antenna switching 
module 206, a first receiver/transmitter switching module 
210, a receiver module 212, a transmitter module 216, a 
symbol recovery module 224, an Input/Output (I/O) interface 
220, a processor 222 and a memory unit 208 coupled together 
via a bus 219 over which the various elements may commu 
nicate data and/or control information. The I/O interface 220 
is coupled to an input device 221, e.g., keypad, and output 
device 223, e.g., display, which can be used by a user to 
interact with the communications device 200. In some 
embodiments, the I/O interface 220 has a connection for 
coupling the communications device 200 to other devices, 
e.g., by a wired connection. In some embodiments, the com 
munications device 200 is implemented as a handheld wire 
less terminal. 

0037. As shown in FIG. 6, the electrical and magnetic 
antennas 202, 204 are coupled to the switching module 206 
which is used to perform Switching operations for selectively 
coupling one of the antennas 202, 204 to the transmitter or 
receiver module 212, 216 at a given point in time. The system 
shown in FIG. 6 is a time division duplexed embodiment 
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where transmission and reception occurat different times. In 
such an embodiment, switching module 206 controls which 
one of the antennas 202, 204 is used while the RX/Tx switch 
ing module 210 is used to control whether the selected 
antenna 202 or 204 is coupled to the receiver module 212 or 
transmitter module 216. In a frequency division duplex 
embodiments transmission and reception may occur at the 
same time using different frequencies. In Such an embodi 
ment, transmission and reception may be implemented using 
the same one of the antennas 202, 204 or different ones of the 
antennas 202, 204 for transmission and reception. 
0038. The FIG. 6 embodiment may be described as a 
single receiver and transmitter chain embodiment because it 
includes a single receiver module 212 and a single transmitter 
module 216. The receiver module 212 includes what may be 
described as a chain of components, e.g. a filter 213, a signal 
quality measurement module 215 and an A/D converter 217 
which has an output coupled to the symbol recovery module 
224. Signal quality measurement module 215 measures the 
signal quality, e.g., SNR, SIR, etc. of a received signal. In 
Some embodiments, signal quality information is collected, 
e.g., corresponding to both alternative antennas (202, 204) to 
be used subsequently by switching control module 248. The 
symbol recovery module 224 may be implemented as an 
independent component coupled to the receiver module 212, 
or the symbol recovery module 224 may be included as part of 
the receiver module 212. The symbol recovery module 224 
recovers symbols from the signal or signals received by the 
antenna 202, 204 which supplies the input to the receiver 
module 212 at a given time. The symbols are used to com 
municate information e.g., from a base station. Data stream 1 
(DS1) 230 represents a recovered symbol stream output by 
symbol recovery module 224. 
0039. The transmitter module 216, like the receiver mod 
ule 212, includes what may be described as a chain of com 
ponents, e.g. an encoder 227 and a modulator 225. The 
encoder 227 receives data to be transmitted, e.g., in the form 
of symbols from input symbol stream DT1232. The encoder 
227 performs an encoding operation, e.g., an LDPC encoding 
operation or other type of coding operation, to provide redun 
dancy and passes the resulting symbols to the modulator 225. 
The modulator performs a modulation operation, e.g., a QAM 
or BPSK modulation operation to modulate the symbols to be 
transmitted on a carrier signal. The generated signal to be 
transmitted including the modulated symbols is then Supplied 
via RX/TX switching module 210 and switching module 206 
to the antenna 202, 204 which is to be used at a given point in 
time. 

0040 Memory 208 includes routines 238 and data/infor 
mation 240. The processor 22, e.g., a CPU, executes the 
routines 238 and uses the data/information 240 in memory 
208 to control the operation of the communications device 
200 and implement methods, e.g., the method of flowchart 
1400 of FIG. 10. 

0041. Routines 238 include a communications routine 242 
and control routines 244. The communications routine 242 
implements the various communications protocols used by 
the communications device 200. Control routines 244 include 
a receiver/transmitter mode control module 246 and a switch 
ing control module 248. The data/information 240 includes 
data set 1 data/information to be transmitted 250, received 
data set 1 data/information 252 and RX/TX timing control 
information 254. 
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0042. The RX/Tx switching module 210 is controlled by 
the RX/TX mode control module 246. Based on the RX/TX 
timing control information 254, the RX/Tx mode control 
module 246 sends a control signal 236 to the RX/Tx switching 
module 210 to switch between receiver module 212 and trans 
mitter module 216. When in the receive mode, a received 
signal can be recovered from the output of the receiver mod 
ule 212 in the form of a digital signal which is then fed to the 
symbol recovery unit 224. Finally data stream 1 (DS1) 230 
can be recovered from the symbol recovery module 224. 
Information recovered from data stream 1 230 is stored in 
memory as information 252. When in the transmit mode, 
signals communicating information 250 via transmission 
data DT1 232 can be generated and transmitted using the 
transmitter module 216. 
0043 Switching control module 248, which generates 
control signal 234, controls the antenna Switching module 
206 to switch between the electrical antenna 202 and the 
magnetic antenna 204. The switching control module 248 
controls the switching module 206 to switch between the 
electrical antenna 202 and the magnetic antenna 204 based on 
one of a signal quality measurement and a received control 
signal. 
0044 FIG. 7 shows an exemplary communication device 
700 comprising an electrical antenna 702, e.g. a dipole 
antenna and a magnetic antenna 704, e.g. a slot antenna or a 
loop antenna. The antenna pair combination (702. 704) may 
be. e.g., the antenna assembly 20 of FIG. 5. The electrical 
antenna 702 has a polarization in a first direction and the 
magnetic antenna 704 has a magnetic field direction which is 
within 45 degrees of the first direction. In some embodiments, 
the first direction is substantially the same direction as the 
magnetic field direction. In some embodiments, the magnetic 
antenna 704 is an Alford loop antenna. 
0045. Device 700 further comprises: a switching module 
706, a receiver/transmitter switching module 710, a first 
receiver module 712, a second receiver module 714, a first 
transmitter module 716, a second transmitter module 718, a 
processor 722, an I/O interface 720, and a memory unit 708 
coupled together via a bus 736 over which the various ele 
ments may interchange data and information. The I/O inter 
face 720 is coupled to an input device 728, e.g., keypad, and 
output device 730, e.g., display, which can be used by a user 
to interact with the communications device 700. In some 
embodiments, the I/O interface 720 has a connection for 
coupling the communications device 700 to other devices, 
e.g., by a wired connection. In some embodiments, the com 
munications device 700 is implemented as a handheld wire 
less terminal. 
0046 Electromagnetic waves (signals) are sent and 
received via the electrical and magnetic antennas 702 and 704 
respectively. The switching module 706 is used to perform 
Switching operations for selectively supplying the output of 
one of the said antennas (702. 704) to a first coupling point 
703 of another switching device and for selectively supplying 
the other one of said antennas (702. 704) to a second coupling 
point 705 of said another switching device. The another 
Switching device is in this case is RX/TX Switching module 
710. The RX/Tx switching module 710 performs a switching 
operation by selecting between various receiver and transmit 
ter modules (712, 714, 716, and 718) which may be selec 
tively coupled to coupling points (703,705). In some embodi 
ments, a single Switching module may be used in place of 
modules 706 and 710. 
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0047. The first receiver module 712 includes internal com 
ponents, e.g. a filter 713 to filter out the noise and other 
unwanted signals which get mixed with the message signal, a 
signal quality measurement module 715 and an A/D converter 
717. The second receiver module 714 includes internal com 
ponents, e.g. a filter 719 to filter out the noise and other 
unwanted signals which get mixed with the message signal, a 
signal quality measurement module 721 and an A/D converter 
723. The signal quality measurement modules (715 and 721) 
function to measure the quality of the received signal in order 
to provide this information to a Switching control module 
760, which is one of the elements in the memory 708. Based 
on this information provided by the receiver module or mod 
ules, in some embodiments, switching control module 760 
sends a control signal 740 to the switching module 706 to 
switch between the electrical antenna 702 and magnetic 
antenna 704. For example, information obtained from signal 
quality measurement modules (715, 721) may be used by 
switching control module 760 which decides to couple the 
magnetic antenna 704 to coupling point 703 and decides to 
couple the electrical antenna 702 to coupling point 705. Alter 
natively, the information obtained from signal quality mea 
surement modules (715,721) may be used by switching con 
trol module 760 which decides to couple the magnetic 
antenna 704 to coupling point 705 and decides to couple the 
electrical antenna 702 to coupling point 703. 
0048 Transmitter module 1716 includes an encoder 727, 

e.g., an LDPC encoder or other type of encoder, for encoding 
data transmission stream 1736 and generating coded bits, and 
a modulator 725 for generating modulation symbols which 
convey the coded bits. Transmitter module 2 718 includes an 
encoder 731, e.g., an LDPC encoder or other type of encoder, 
for encoding data transmission stream 2 738 and generating 
coded bits, and a modulator 729 for generating modulation 
symbols which convey the coded bits. The RX/Tx switching 
module 710 is controlled by the RX/TX mode control module 
758 including in memory 708. Based on the RX/Tx timing 
control information 770, the RX/Tx mode control module 758 
sends a control signal 742 to the RX/Tx switching module 710 
to switch between the receiver and transmitter modules. In 
Some embodiments, e.g., Some TDD embodiments, the 
Switching between receiving and transmission is controlled in 
accordance with a predetermined schedule stored as part of 
information 770. 

0049 Consider, e.g., that the communications device 700 
operates in a TDD system. The RX/RX Switching module 710 
selects, under the control of signal 742, one of the following: 
(i) receiver module 1712 is coupled to coupling point 703 and 
receiver module 2719 is coupled to coupling point 705 or (ii) 
transmitter module 1716 is coupled to coupling point 703 and 
transmitter module 2 718 is coupled to coupling point 705. 
0050. At times, receiver modules (712,714) are coupled to 
the antennas (702,704) via switching modules (706 and 710), 
with the switching module 710 enabling reception and the 
switching module 706 selecting the coupling between par 
ticular antennas and particular receiver modules. Received 
signals can be recovered from the output of the first receiver 
module 712 and the second receiver module 714 in the form 
of digital signals, which are input to the symbol recovery 
modules (724, 726), respectively. Data stream 1 (DS1) 732 
and data stream 2 (DS2) 734 are recovered by, the symbol 
recovery modules (724, 726), respectively. In some embodi 
ments, the symbol recovery modules (724, 726) are included 
as part of receiver modules (712, 714), respectively. 
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0051. At times, transmitter modules (716, 718) are 
coupled to the antennas (702. 704) via switching modules 
(706 and 710), with the switching module 710 enabling trans 
mission and the Switching module 706 selecting the coupling 
between particular antennas and particular transmitter mod 
ules. Thus, in some embodiments, generated modulation 
symbols conveying data transmission data stream 1 data 736 
are conveyed over one of electrical antenna 702 and magnetic 
antenna 704, while generated modulation symbols conveying 
data transmission stream 2 data 738 are conveyed concur 
rently over the other one of electrical antenna 702 and mag 
netic antenna 704. 
0.052 FIG. 8 is a more detailed representation of memory 
708. Memory 708 includes routines 750 and data/information 
752. The processor 722, e.g., a CPU, executes the routines 
750 and uses the data/information 752 in memory 708 to 
control the operation of the communications device 700 and 
implement methods, e.g., a method in accordance with flow 
chart 1500 of FIG. 11. 

0053 Routines 750 include a communications routine 754 
and control routines 756. The communications routine 754 
implements the various communications protocols used by 
the communications device 700. The control routines 756 
include a RX/TX mode control module 758 and a switching 
control module 760. Data/information 752 includes data set 1 
information to be transmitted 762, data set 2 information to be 
transmitted 764, received data set 1 information 766, received 
data set 2 information 768, and RX/TX timing control infor 
mation 770. Information 762 includes stored information cor 
responding to DT1 736, while information 764 includes 
stored information corresponding to DT2 738. Thus first and 
second transmitter modules (716, 718) can, and sometimes 
do, receive different data streams for transmission Informa 
tion 766 includes stored information corresponding to DS1 
732, while information 768 includes stored information cor 
responding to DS2734. 
0054 FIG. 9 is a flowchart 1200 of an exemplary method 
of operating a communications device including two anten 
nas which have different polarization directions in accor 
dance with various embodiments. The two antennas include 
an electrical antenna having a first polarization direction and 
a magnetic antenna having a second polarization direction 
which is different from the first polarization direction. 
0055 Operation starts in step 1202, where the communi 
cations device, e.g., a portable handheld mobile wireless ter 
minal, is powered on and initialized and proceeds to step 204. 
In step 1204 the communications device controls a Switching 
module to Supply the output of one of the electrical antenna 
and the magnetic antenna to a receiver module. Then in step 
1206, the communications device operates the receiver to 
process the Supplied signal from the currently selected one of 
the electrical antenna and magnetic antenna. Step 1206 
includes sub-steps 1208 and 1210 which may be performed 
serially or in parallel. In sub-step 1208, the receiver performs 
filtering, sampling and symbol recovery operations attempt 
ing to recover information corresponding to a data stream. In 
Sub-step 1210 the communications device generates signal 
quality measurement information, e.g., information indica 
tive of the success of the recovery operation the SNR, the SIR, 
the channel conditions and/or the level of interference. 
Operation proceeds from step 1206 to step 1212. 
0056. In step 1212 the communications device determines 
whether or not the signal quality measurement of Sub-step 
1210 satisfies a minimum threshold requirement criteria. If 
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the minimum criteria is satisfied then operation proceeds 
from step 1212 to step 1216; however if the minimum criteria 
is not satisfied, then operation proceeds from step 1212 to step 
1214. In step 1214, the communications device controls the 
Switching module to change the coupling to Supply a different 
one of the electrical antenna and magnetic antenna to the 
receiver than is currently coupled to the receiver. Operation 
proceeds from step 1214 to step 1216. 
0057. In step 1216, the communications device deter 
mines whether the next interval corresponds to a transmit 
interval or a receive interval, e.g., in accordance with a pre 
determined TDD timing structure. If the next interval is to be 
a receive interval, then operation proceeds from step 1216 to 
step 1206 to operate the receiver to receive additional signals. 
However, if the next interval is a transmit interval, then opera 
tion proceeds from step 1216 to step 1218. 
0058. In step 1218 the communications device controls 
the switching module to couple the currently selected one of 
the electrical and magnetic antennas to a transmitter. Then, in 
step 1220 the communications device operates the transmitter 
to generate signals to be transmitted from an input data 
stream, and in step 1222 the communications device trans 
mits the generated signals via the currently selected antenna. 
Operation proceeds from step 1222 to step 1216. 
0059. In one exemplary embodiments, the communica 
tions device performing the method of flowchart 1200 of FIG. 
9 is device 200 of FIG. 6, the electrical antenna is antenna 
202, the magnetic antenna is antenna 204, the Switching mod 
ule includes the composite of switching modules 206 and 
210, the receiver module includes receiver module 1212 and 
symbol recovery module 224 and the transmitter module is 
module 216. 

0060 FIG. 10 comprising the combination of FIG. 10A 
and FIG. 10B is a flowchart 1400 of an exemplary method of 
operating a communications device, e.g., communications 
device 200 of FIG. 6. Operation starts in step 1402, where the 
communications device is powered on and initialized and 
proceeds to steps 1404 and 1406. In step 1404, which is 
performed on an ongoing basis, the communications device 
monitors to receive an antenna selection control signal. In 
step 1406, the communications device operates a receive/ 
transmit control module, e.g., RX/TX mode control module 
246 of device 200 of FIG. 6, to select the RX mode, e.g., in 
accordance with RX/TX timing control information, e.g., 
information 254. Then, in step 1408, the communications 
device controls the RX/TX switching module, e.g., module 
210 of device 200 of FIG. 6, to set its switch for enabling 
reception. Operation proceeds from step 1408 to step 1410, in 
which the antenna Switching control module, e.g., module 
248 of device 200 of FIG. 6 is operated to select an electrical 
antenna. Then, in step 1412, the antenna Switching module, 
e.g. module 206 of device 200 of FIG. 6, is operated to select 
the electrical antenna. Then, in step 1414, the communica 
tions device receives signals using the electrical antenna, e.g., 
antenna 202 of device 200 of FIG. 6, the electrical antenna 
having a polarization in a first direction. Operation proceeds 
from step 1414 to step 1416 in which the communications 
device generates a first signal quality measurement of the 
signal received from the electrical antenna. For example, the 
signal quality measurement module 215 of device 200 of FIG. 
6 measures the signal quality and generates a quality mea 
Surement indicator signal to be used Subsequently by, antenna 
Switching control module 248 along with a received antenna 
selection control signal. 
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0061 Operation proceeds from step 1416 to step 1418. In 
step 1418, the communications device operates the antenna 
Switching control module, e.g. module 248, to select a mag 
netic antenna, e.g., magnetic antenna 204, having a magnetic 
field direction which is within 45 degrees of the first direction, 
e.g., the first direction and the magnetic field direction differ 
by an amount which has an absolute value in the range of 0 
and 45 degrees. The magnetic antenna is, e.g., magnetic 
antenna 204 of device 200 of FIG. 6. In some embodiments, 
the difference is such that the polarization direction corre 
sponding to the magnetic antenna is Substantially orthogonal 
to the polarization direction associated with the electrical 
antenna. 

0062 Operation proceeds from step 1418 to step 1420. In 
step 1420 the antenna Switching module, e.g. module 248, of 
the communications device is operated to set its Switch for 
coupling to the magnetic antenna. Then, in step 1422 the 
communications device receives signals using the magnetic 
antenna, e.g., signals received by magnetic antenna 204 are 
fed as input to receiver module 212 for processing. In step 
1424 the signal quality measurement module generates a 
second signal quality measurement from the measured signal 
quality of the signal received from the magnetic antenna. 
Then, in step 1426, the antenna Switching control module 
selects to use one of the electrical antenna and the magnetic 
antenna as a function of the generated signal quality measure 
ments, e.g., from steps 1416 and 1424, and/or a received 
antenna selection control signal from step 1404. Operation 
proceeds from step 1426, via connecting node A1428, to step 
1430. 

0063. In step 1430 the antenna switching module sets its 
antenna Switch for coupling to the selected one of the electri 
cal antenna and magnetic antenna, e.g., in response to control 
signal 234 from antenna switching control module 248. Then, 
in step 1432 the receiver module of the communications 
device receives signals using the currently selected antenna. 
Operation proceeds from step 1432 to step 1434, in which the 
signal quality measurement module generates a third signal 
quality measurement signal from the measured signal quality 
of the signal received from the currently selected antenna. 
This third signal quality measurement can be, and sometimes 
is, utilized Subsequently by the antenna Switching control 
module when making a Switching decision. Operation pro 
ceeds from step 1434 to step 1436 in which the communica 
tions device processes the received signals to recover com 
municated symbols. The operations of step 1436 are 
performed, e.g., by receiver module 1212 and symbol recov 
ery module 224 of device 200 of FIG. 6. 
0064 Operation proceeds from step 1436 to step 1438, in 
which the communications device operates the RX/TX mode 
control module to select transmit mode, e.g., in accordance 
with a predetermined recurring timing structure. Then, the 
RX/TX switching module of the communications device is 
operated to set its Switch to enable transmission, e.g., in 
response to control signal 236. Operation proceeds from step 
1440 to step 1442. In step 1442, the communications device 
transmits signals using the currently selected antenna. For 
example, transmitter module 216 of device 200 of FIG. 6 
generates signals from input information DT1 232 which it 
transmits over the currently selected antenna to which it is 
coupled via modules 210 and 206. 
0065 Operation proceeds from step 1442 via connecting 
node B 1444 to step 1406 for another iteration. As an 
example, consider two exemplary iterations with different 
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antenna selections. In the first iteration, the device in step 
1426 selects the electrical antenna and therefore processes 
signals received by the electrical antenna in step 1436 to 
recover symbols and provides signals to the electrical antenna 
for transmission in step 1442; however, in the seconditeration 
the device in step 1426 selects the magnetic antenna and 
therefore processes signals received by the magnetic antenna 
in step 1436 and provides signals to the magnetic antenna for 
transmission in step 1442. 
0066. In various embodiments, steps 1406 to step 1426 are 
used to evaluate alternative antenna channels and to select an 
antenna to be used for Subsequent traffic channel signaling, 
e.g., downlink and uplink traffic channel signals communi 
cated in steps 1432 and 1442. In some embodiments, the 
electrical antenna is a dipole antenna and the magnetic 
antenna is one of a loop antenna and a slot antenna. In some 
Such embodiments, the magnetic antenna is an Alford loop 
antenna. 

0067 FIG. 11 comprising the combination of FIG. 11A 
and FIG. 11B is a flowchart 1500 of an exemplary method of 
operating a communications device in accordance with an 
exemplary embodiment, e.g., a handheld wireless communi 
cations device. The communications device is, e.g., commu 
nications device 700 of FIG. 7 including an electrical antenna 
702, e.g., a dipole antenna, and a magnetic antenna 704, e.g., 
a slot antenna or a loop antenna, wherein the electrical 
antenna has a polarization in a first direction and the magnetic 
antenna has a magnetic field direction which is within 45 
degrees of the first direction. In some embodiments, the mag 
netic antenna is an Alford loop antenna. 
0068 Operation starts in step 1502 where the communi 
cations device is powered on and initialized and proceeds to 
steps 1504 and step 1506. In step 1504, which is performed on 
an ongoing basis, the communication device monitors to 
receive an antenna selection control signal. In step 1506, a 
receive/transmit mode control module, e.g., module 758, is 
operated to select receive mode, e.g., in accordance with a 
predetermined timing structure in information 770. Then, in 
step 1508, a receive/transmit switching module, e.g., module 
710 sets its Switch to enable reception, e.g., in response to a 
control signal from the RX/TX mode control module 758. 
Operation proceeds from step 1508 to step 1510. In step 1510 
an antenna Switching control module, e.g., module 760, 
selects the electrical antenna to be coupled to a first receiver 
module, e.g., module 712 and selects the magnetic antenna to 
be coupled to the second receiver module, e.g., module 714. 
Operation proceeds from step 1510 to step 1512. In step 1512 
an antenna Switching module, e.g. module 706 is controlled to 
couple the electrical antenna to the first receiver module and 
to couple the magnetic antenna to the second receiver module. 
Operation proceeds from step 1512 to steps 1514 and 1516, 
which are performed in parallel. 
0069. In step 1514, the communications device, using the 
electrical antenna having a polarization in a first direction 
receives signals, and then in step 1518, a first signal quality 
measurement module. e.g., module 715 of receiver module 
712, generates a first signal quality measurement of the signal 
received from the electrical antenna. 

0070. In step 1516, the communications device, using the 
magnetic antenna having a magnetic field direction which is 
within 45 degrees of the first direction, receives signals. Then 
in step 1520, a second signal quality measurement module, 
e.g., module 721 of receiver module 714, generates a second 
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signal quality measurement of the signal received from the 
magnetic antenna. Operation proceeds from steps 1518 and 
1520 to step 1522. 
0071. In step 1522, the antenna switching control module 
of the communications device selects one of the electrical 
antenna and the magnetic antenna to be associated with a first 
receiver module/transmitter module pair. The selection is 
made, e.g., based on the signal quality measurements and/or 
the received antenna selection control signal. In some 
embodiments the received antenna selection control signal 
can override a signal quality measurement based selection. 
By default, the other one of the electrical antenna and mag 
netic antenna will be associated with a second receiver mod 
ule/transmitter module pair. In some embodiments, different 
receiver/transmitter pairs are different types. For example, 
one receiver/transmitter modulator pair may use different 
coding schemes, different coding rates, and/or different 
modulation constellations than another receiver transmitter 
pair. In another example, one receiver/transmitter pair may be 
able to handle higher data rates than the other receiver/trans 
mitter pair. In still another example, one receiver transmitter 
pair may use different filters than another receiver/transmitter 
pair. In yet another example, one receiver/transmitter pair 
may be configured for a first set of power levels while the 
other is configured for different power levels. In another 
example, a first receiver/transmitter pair has different recov 
ery capabilities than a second receiver/transmitter pair, e.g., it 
is more tolerant to background noise and/or interference. 
Operation proceeds from step 1522, via connecting node A 
1524, to step 1526. 
0072. In step 1526 the antenna switching module imple 
ments the selection of the antenna Switching control module, 
thus setting its switch for coupling of the selected one of the 
electrical antenna and the magnetic antenna to the first 
receiver module/transmitter module pair, interface, e.g. inter 
face 703 used for coupling to the first receiver module 712 or 
the first transmitter module 716. The switching also results in 
the switch setting for coupling the other one of the electrical 
antenna and magnetic antenna to the second receiver module/ 
transmitter module pair interface, e.g. interface 705 used for 
coupling to second receiver module 714 or second transmitter 
module 718 

(0073. Operation proceeds from step 1526 to steps 1528 
and 1530 which are performed in parallel. In step 1528 the 
first receiver module of the communications device receives 
signals using the selected one of the electrical antenna and the 
magnetic antenna. Then, in step 1532 the first signal quality 
measurement module, e.g., module 715 generates a third 
signal quality measurement of the measured signal quality of 
the received signal of step 1528, and in step 1534 the first 
receiver module and first symbol recovery module, e.g., mod 
ules 712 and 1714, process the received signals from the 
selected antenna to recover communicated symbols corre 
sponding to a first receive data stream. 
(0074. In step 1530 the second receiver module of the com 
munications device receives signals using the other one of the 
electrical antenna and the magnetic antenna. Then, in step 
1532 the second signal quality measurement module, e.g., 
module 721 generates a fourth signal quality measurement of 
the measured signal quality of the received signal of step 
1530, and in step 1538 the second receiver module and second 
symbol recovery module, e.g., modules 714 and 726, process 
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the received signals from the other antenna to recover com 
municated symbols corresponding to a second receive data 
Stream. 

0075 Operation proceeds from steps 1534 and 1538 to 
step 1540, in which the RX/TX mode control module selects 
the transmit mode, e.g., in accordance with a predetermined 
timing TDD timing structure in information 770. Operation 
proceeds from step 1540 to step 1542. In step 1542 the 
RX/TX switching module of the communications device sets 
its Switch to enable transmission, e.g., in response to a control 
signal from the RX/TX control module. Operation proceeds 
from step 1542 to step 1544 and step 1546 which are per 
formed in parallel. 
0076. In step 1544, the first transmitter module, e.g., mod 
ule 716, which is coupled to the selected antenna is operated 
to provide signals corresponding to a first transmit data 
stream to the selected antenna for transmission, and in step 
1548 the provided signals are transmitted via the selected 
antenna. 

0077. In step 1546, the second transmitter module, e.g., 
module 718, which is coupled to the otherantenna is operated 
to provide signals corresponding to a second transmit data 
stream to the otherantenna for transmission, and in step 1550 
the provided signals are transmitted via the other antenna. 
0078. Operation proceeds from steps 1548 and 1550, via 
connecting node B 1552 to step 1506 for anotheriteration. As 
an example, consider two exemplary iterations with different 
antenna selections. In the first iteration, the device in step 
1522 selects the electrical antenna and therefore the first 
receiver module processes signals received by the electrical 
antenna to recover symbols and the first transmitter module 
provides signals to the electrical antenna for transmission; 
while the second receiver module processes signals received 
by the magnetic antenna to recover symbols and the second 
transmitter module provides signals to the magnetic antenna 
for transmission. However, in the second iteration, the device 
in step 1522 selects the magnetic antenna and therefore the 
first receiver module processes signals received by the mag 
netic antenna to recover symbols and the first transmitter 
module provides signals to the magnetic antenna for trans 
mission; while the second receiver module processes signals 
received by the electrical antenna to recover symbols and the 
second transmitter module provides signals to the electrical 
antenna for transmission. 
0079 Invarious embodiments, steps 1506 to step 1526 are 
used to evaluate alternative antenna channels and to select an 
antenna to be used for Subsequent traffic channel signaling to 
be associated with the first receiver/transmitter pair, e.g., 
steps 1528 and 1548. The second receiver/antenna pair is, in 
this embodiment, by default associated with the other 
antenna, and is to be used for Subsequent traffic channel 
signaling to be associated with the second receiver/transmit 
ter pair, e.g., steps 1530 and 1550. 
0080. In some embodiments, the electrical antenna is a 
dipole antenna and the magnetic antenna is one of a loop 
antenna and a slot antenna. In some Such embodiments, the 
magnetic antenna is an Alford loop antenna. 
0081 FIG. 12 is a drawing of an exemplary communica 
tions system 1800 in accordance with various embodiments. 
Exemplary communications system 1800 includes a base 
station 1802 and a plurality of wireless terminals (WT1 1804, 
..., WTN 1806). Base station 11802 includes antennas with 
different polarization directions (antenna 1808, antenna 
1810). WT 1 1804 includes an electrical antenna 1812 and a 
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magnetic antenna 1814. Similarly, WT N 1806 includes an 
electrical antenna 1816 and a magnetic antenna 1818. WT 1 
1804 is coupled to BS 1 1802 via wireless link 1820. WTN 
1806 is coupled to BS 1 1802 via wireless link 1822. BS 1 
1802 is coupled to other network nodes, e.g., other base 
stations, routers, AAA nodes, home agent nodes, etc., via 
network link 1824. 

I0082. The exemplary wireless terminals (1804, 1806) are, 
e.g., wireless terminals in accordance with the implementa 
tion of one or more of: WT 200 of FIG. 6, WT 700 of FIG. 7, 
the method of flowchart 1200 of FIG.9, the method of flow 
chart 1400 of FIG. 10 and the method of flowchart 1500 of 
FIG. 11. In some embodiments, an electrical/magnetic 
antenna pair of a wireless terminal, e.g., antenna pair 1812/ 
1814 of WT1 1804, is in accordance with antenna implemen 
tation 20 of FIG. 5. 

I0083 FIG. 13 shows an exemplary communication device 
900 in accordance with an exemplary embodiment. The 
exemplary communications device 900 includes a first elec 
trical antenna 902, a second electrical antenna 904, a third 
electrical antenna 906 and a phase shifter 905. The device 900 
further includes a first combiner module 903, a first receiver 
module 908, a first transmitter module 910, a second receiver 
module 912, a second transmitter module 914, a second com 
biner module 924, a first symbol recovered modules 916, a 
second symbol recovery module 918, an I/O interface 920, a 
first Tx/RX switch 911, a second TX/RX Switch921, a third 
TX/RX switch931, a processor 922 and memory 926 coupled 
together via a bus 932 over which the various elements may 
exchange data and information. Device 900 further includes 
an input device, e.g., a keyboard 928, and an output device 
930, e.g., a display, coupled to I/O interface 930 via which a 
user may interact with device 900. In some embodiments, the 
I/O interface 920 couples communications device 900 to 
other network nodes and/or the Internet. e.g., via a wired 
connection. 

I0084. First antenna 902 is coupled to TX/RX switch 1911 
which is coupled to an input of phase shifter 901 of combiner 
1 module 903. Second antenna 904 is coupled to TX/RX 
switch 2921 which is coupled to an input of summing module 
909 of combiner 1 module 903. The output of phase shifter 
901 is coupled to another input of summing module 909. The 
output of the summing module 909 is coupled to an input of 
receiver module 1908. Third antenna 906 is coupled to 
TX/RX switch 3931 which is coupled to an input of receiver 
module 2912. The output of receiver module 1908 is coupled 
to an input of combiner module 2924. The output of receiver 
module 2912 is coupled to another input of combiner module 
2924. A first output of combiner module 2924 is coupled to 
an input of symbol recovery module 916, while a second 
output of combiner module 2 924 is coupled to an input of 
symbol recovery module 918. Received data stream 1 (DS1) 
951 is an output of symbol recovery module 916, while 
received data stream 2 (DS2) 952 is an output of symbol 
recovery module 918. 
I0085 Transmit data stream 1953 is an input to transmitter 
module 1910. The output of transmitter module 1910 is 
coupled to the input of phase shifter 905 and to an input of 
TX/RX Switch 2921. Transmit data stream 2954 is an input to 
transmitter module 2914. The output of phase shifter 905 is 
coupled to an input of Tx/RX switch 1911. The output of 
transmitter module 2914 is coupled to an input of Tx/RX 
Switch 3931. 
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I0086. The first electrical antenna 902 has a polarization in 
a first direction. The second electrical antenna 904 has a 
polarization in a second direction. The third antenna 906 has 
a polarization in a third direction. In various embodiments, 
the first, second and third polarization directions are different 
from one another, e.g., different from one another by more 
than 45 degrees. In some embodiments, the angle between the 
first polarization direction associated with the first antenna 
902 and the second polarization direction associated with the 
second antenna 904 is in the range of 80 and 100 degrees. For 
example, the first antenna 902 and the second antenna 904 
may be horizontal polarization direction antennas and the 
third antenna 906 may be a vertical polarization direction 
antenna. 

I0087. The phase shifter 905 introduces a phase shift of a 
predetermined amount, said predetermined amount being a 
function of the angle between the first and second directions. 
For example, in one exemplary embodiment, the angle 
between the first and second directions is 90 degrees and the 
phase shift is 90 degrees. 
I0088 First receiver module 908 is coupled to an output of 
combiner module 1903. The first combiner module 903 com 
bines signals from the first and second antenna (902, 904). 
The combiner module 903 includes phase shifter 901 for 
shifting the signal from the first antenna 902 prior to combing 
with the signal from the second antenna 904. Summing mod 
ule 909, also included in combiner module 903 combines the 
phase shifted signal from the first antenna 902 with the signal 
from the second antenna 904 to produces a combined signal 
which is an output of combiner module 1903 and an input to 
receiver module 1908. 

I0089. The second receiver module 912 is coupled to the 
output of the third antenna 906 via Tx/RX switch 3931. 
Combiner module 2 924 is coupled to the first and second 
receiver modules (908, 912). Combiner module 2924 com 
bines signals generated by the first and second receiver mod 
ules (908, 912) from the combined output of the first and 
second antennas (902,904) and the output of the third antenna 
(906), respectively. In various embodiments, the second com 
biner 924 is a maximal ratio combiner or a minimum mean 
square combiner. 
0090. The output of the first transmitter module 910 is 
coupled to the second antenna 904 via TX/RX switch 2921. 
The output of the first transmitter module 910 is also coupled 
to a first antenna 902 by way of phase shifter 905 and Tx/RX 
Switch911. 

0.091 As shown in FIG. 13, the first and second electrical 
antennas i.e.902 and 904 are coupled to the first Tx/RX Switch 
911 and second Tx/RX switch921, respectively. The switches 
(911,921) will perform a switching operation and will select 
between the receiver module 1908 and the transmitter mod 
ule 1910 based on the control signal 955 supplied to the 
switches (911, 921). Similarly, the third electrical antenna 
906 is coupled to the third Tx/RX switch 931 which will 
performa Switching operation and select between the receiver 
module 2912 and the transmitter module 2914 based on the 
control signal 956 supplied to the switch931. 
0092 Exemplary reception will be described. The RX/Tx 
switches (911, 921,931) have been commanded in the RX 
mode position. First antenna 902 receives a signal; the TX/RX 
Switch911 feeds it to the first combiner module 903. The first 
combiner module 903 includes a phase shifter 901 and a 
summing module 909. The phase shifter 901 shifts the phase 
of the incoming signal from the first antenna 902. The phase 
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shifter 901 introduces a phase shift which is a function of the 
angle between the first and second antenna directions. The 
second antenna 904 concurrently receives a signal; the RX/TX 
Switch 921 feeds it to the first combiner module 903. The 
phase shifted signal corresponding to the first antenna 902 
and the signal corresponding to the second antenna 904 are 
fed to the summing module 909 to produce a combined sig 
nal. 
0093. This combined signal is then fed to the first receiver 
module 908. The first receiver module 908 includes a filter 
907 and an analog to digital (A/D) converter 913. The signals 
received as input by the first receiver module 908 are pro 
cessed, i.e. first the received signal is subjected to filtering 
operation by the filter 907 in the receiver module 908 in order 
to Suppress the unwanted signals and/or noise, and then the 
A/D 913 performs an analog to digital conversion to obtain a 
digital signal. 
0094. The second receiver module 912 includes a filter 
919 and an analog to digital (A/D) converter 923. The signals 
received as input by the second receiver module 912 are 
processed, i.e. first the received signal is subjected to filtering 
operation by the filter 919 in the receiver module 912 in order 
to Suppress the unwanted signals and/or noise, and then the 
A/D 923 performs an analog to digital conversion to obtain a 
digital signal. 
0.095 The digital signals from the first receiver module 
908 and the second receiver module 912 are input to the 
second combiner module 924, where the received data 
streams are separated out and finally fed to the symbol recov 
ery modules 916 and 918. Finally data stream 1 (DS1) 951 
and data stream 2 (DS2)952 are recovered from the symbol 
recovery modules (916,918), respectively. 
0096 Exemplary, transmission will be described. The 
RX/Tx switches (911,921,931) have been commanded in the 
Tx mode position. Transmit data stream 1953 is input to 
transmitter module 1910. Transmitter module 1910 includes 
an encoder 917 and a modulator 915. The encoder 917, e.g., 
an LDPC encoder, converts information bits of data stream 1 
953 into coded bits which are input to modulator 915 which 
generates a modulated signal to convey the codes bits. The 
output signal from transmitter module 1910 is fed to the 
second antenna 904 via the TX/RX switch921, for transmis 
sion. The output signal from the transmitter module 1910 is 
also fed to phase shifter 905, which performs a phase shift 
operation wherein the amount of phase shift is a function of 
the polarization direction difference between the first and 
second antennas (902, 904). The output of the phase shifter 
905 is fed to the first antenna 902, via TX/RX switch 911 for 
transmission. 

0097 Transmit data stream 2 954 is input to transmitter 
module 2914. Transmitter module 2914 includes an encoder 
927 and a modulator 925. The encoder 927, e.g., an LDPC 
encoder, converts information bits of data stream 2 954 into 
coded bits which are input to modulator 925 which generates 
a modulated signal to convey the codes bits. The output signal 
from transmitter module 2914 is fed to the third antenna 906 
via the TX/RX switch931, for transmission. 
(0098. Memory 926 is. e.g., exemplary memory, 1100 of 
FIG. 14. Memory 1100 includes routines 1102 and data/ 
information 1110. The processor 922, e.g., a CPU, executes 
the routines 1102 and uses the data/information 1110 in 
memory 1100 to control the operation of the communications 
device 900 and implement methods, e.g. the method of flow 
chart 1300 of FIG. 17. Routines 1102 include a communica 
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tions routines 1104 and control routines 1106. The commu 
nications routine 1104 implements the various 
communications protocols used by the communication 
device 900. 

0099 Control routines 1106 include a TX/RX switch con 
trol module 1105, a phase shift control module 1108, a trans 
mitter antenna selection module 1101 and a receiver antenna 
selection module 1103. The TX/RX Switch control module 
1105 controls the operation of the TX/RX switch modules 
(911,921,931). For example, based on some stored predeter 
mined timing control information 1124, e.g., TDD timing 
structure information, the TX/RX switch control module 1105 
sends a control signal or signals, e.g., signals 955,956, to the 
TX/RX switching modules (911,921,931) to switch between 
receiver and transmitter module(s). Phase shift control mod 
ule 1108 controls the phase shifter modules (901, 905) to be 
set to a particular phase shift value, e.g., a phase shift value 
that corresponds to the difference in polarization directions 
between the first and second antennas (902,904). In various 
embodiments, the phase shifters (901, 903) are program 
mable, and the phase shift control module 1108 is used to 
program the phase shifters (901,905). In some embodiments, 
the phase shift control module 1108 performs calibrations, 
e.g., to adjust phase shift variation due to manufacturing 
tolerances and/or changes such as environmental condition 
variation and/or component variations. 
0100 Transmitter antenna selection module 1101, 
included in some embodiments, allows different sets of 
antennas including at least one of the first, second and third 
antennas (902,904,906) to be selected for a given transmis 
sion interval. Receiver antenna selection module 1103, 
included in Some embodiments, allows signals obtained from 
different sets of antennas including at least one of the first, 
second and third antennas (902,904,906) to be selected for a 
given reception interval. In some embodiments, if a particular 
antenna is not selected to be used a control signal sent its 
corresponding TX/RX switch which commands the switch to 
disconnect the antenna. 

0101 Data/information 1110 includes information such 
as antenna angle information 1122. e.g., information identi 
fying polarization direction differences between the various 
antennas used by the phase shifters (902, 905) and/or the 
combiner module 2924, timing control information 1124, 
e.g., a predetermined recurring TDD timing structure, stored 
data set 1 to be transmitted 1112, stored data set 2 to be 
transmitted 1114, stored received data set 1 information 1116, 
and stored received data set 2 information 1118. This data/ 
information 1110 is used by the device, e.g. its processor 922 
and/or various selection and control modules e.g. antenna 
selection module 1101, phase shift control module 1108, to 
control the operation of the communication device 900 and 
implement methods. 
0102 FIG. 15 shows an exemplary communication device 
1000 in accordance with an exemplary embodiment. One 
advantage of communications device 1000 is that it is rela 
tively simple in design and does not need to utilize a Sophis 
ticated combining module using a MMSE or maximal ratio 
combiner, yet can benefit from advantages of utilizing differ 
ent polarization direction antennas. The exemplary commu 
nications device 1000 includes a first electrical antenna1002, 
a second electrical antenna 1004, a third electrical antenna 
1106 and a phase shifter 1010. The device 1000 further 
includes a first TX/RX Switch 1011, a second TX/RX Switch 
1021, a third Tx/RX switch 1023, a combiner module 1008, a 
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receiver antenna selection switch module 1012, a transmitter 
antenna selection switch module 1014, a receiver module 
1016, a transmitter module 1018, an I/O interface 1020, a 
processor 1023, and memory 1024 coupled together via a bus 
1023 over which the various elements may interchange data 
and information. Device 1000 further includes an input 
device 1019, e.g., a keyboard, and an output device 1030, e.g., 
a display, coupled to I/O interface 1020 via which a user may 
interact with device 1000. In some embodiments, the I/O 
interface 1020 couples communications device 1000 to other 
network nodes and/or the Internet. e.g., via a wired connec 
tion. 

(0103 As shown in FIG. 15, the first and second electrical 
antennas (1002 and 1004) are coupled to the (first Tx/RX 
switch 1011 and second Tx/RX switch 1021), respectively. 
TX/RX switch 11011 performs a switching operation, switch 
ing the first antenna 1002 between a signaling path used for 
reception and a signaling path used for transmission in 
response to control signal 1058. TX/RX switch 2 1021 per 
forms a Switching operation, Switching the second antenna 
1004 between a signaling path used for reception and a sig 
naling path used for transmission in response to control signal 
1060. In some embodiments, signals 1058 and 1060 are the 
same signal with the two switches (1011, 1021) being con 
trolled in a synchronized manner. If first antenna 1002 
receives a signal, and TX/RX switch 11011 is controlled to be 
in the receive mode, the TX/RX switch 1011 feeds the received 
signal to the combiner module 1008. If second antenna 1004 
receives a signal, and TX/RX switch 21021 is controlled to be 
in the receive mode, the TX/RX switch 1021 feeds the received 
signal to the combiner module 1008. The combiner module 
1008 includes internal components e.g. a phase shifter 1001 
and a summing module 1003. The phase shifter 1001 is being 
used to shift the phase of the incoming signal from first 
antenna 1002. The phase shifter 1001 introduces a phase shift 
which is a function of the angle between the first and second 
antenna directions. After introducing the phase shift the phase 
shifted signal is fed to the Summing module as a first input. A 
second input to the summing module 1003 is an output of 
TX/RX switch 2 1021, while in the RX mode. The summing 
module 1003 produces a combined signal. This combined 
signal is then fed to the receiver antenna selection Switch 
module 1012. 

0104 TX/RX switch 3 1023 performs a switching opera 
tion, switching the third antenna 1006 between a signaling 
path used for reception and a signaling path used for trans 
mission in response to control signal 1025. The third antenna 
1006, is also coupled, via Tx/RX switch31025 when set to the 
receive mode, to the receiver antenna selection Switch module 
1012. The receive antenna selection module 1012 selects 
between the combiner module 1008 output signal and the 
third antenna 1006 receive output signal. This selection is 
based on the control signal 1054 being communicated to the 
receiver antenna selection switch module 1012. Thus when 
device 1000 is being controlled to receive signals, the receive 
antenna selection switch module 1012 will couple either the 
output from the combiner 1008 or the output of Tx/RX switch 
1023, to the input of receiver module 1016. The receiver 
module 1016 includes internal components e.g. a filter 1005 
which filter out noise and unwanted signals received along 
with the message signal and an A/D converter 1007 which 
converts analog data into digital, for further data processing in 
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the digital domain. A digital output in the form of received 
data stream DS1 1050 is obtained from the receiver module 
1016. 

0105 Exemplary transmission from device 1000 will now 
be described. Transmitter module 1018 includes an encoder 
1013, and a modulator 1009. The transmitter module 1018 
processes the transmit data stream 11052 by encoding and 
modulating the incoming data stream, e.g., received informa 
tion bits are processed into coded bits by encoder 1013, e.g., 
an LDPC encoder, and the encoded bits are mapped into 
generated modulation symbols by modulator 1009. The out 
put signal from transmitter module 1018 is fed as input to the 
transmitter antenna selection switch module 1014. In the 
event that the communications device 1000 is being con 
trolled to transmit using the second antenna 1004, an encoded 
and modulated signal from the transmitter module 1018 is fed 
to the second antenna via TX/RX switch 21021. Phase shifter 
1010 phase shifts an output signal from transmitter antenna 
selection switch module 1014 and provides the phase shifted 
output to an input of TX/RX switch 11011. In the event that the 
communications device 1000 is being controlled to transmit 
using the first antenna 1002, a phase shifted encoded and 
modulated signal derived from the transmitter module 1018 is 
fed to the first antenna 1002 via TX/RX Switch 1 1 011. In 
various embodiments, when the device 1000 is being con 
trolled to transmit using the first antenna 1002 the device is 
also controlled to transmit concurrently using the second 
antenna 1004. 

01.06 Based on the control signal 1056, the selection 
switch 1014 may alternatively feed a signal to be transmitted 
to the third antenna 1006 or first and the second antenna's 
(1002 and 1004). If the transmitter antenna selection switch 
module 1014 selects to feed the signal to the third antenna 
1006, it may do so without introducing any phase shift in the 
signal. In the other case the selection switch 1014 may feed 
the signal to a phase shifter 1010 which is coupled to the first 
TX/RX switch 1011, and to the second Tx/RX switch 1021 
which is coupled to the second antenna 1004. The signal is 
effectively being phase shifted before it is fed to the TX/RX 
switch 1011 and from here it is fed to the first antenna from 
where it can be transmitted. The non phase shifted signal is 
fed from the second TX/RX Switch 1021 to the secondantenna 
1004, from where it can be transmitted. 
0107 Memory 1024 is, e.g., exemplary memory 1600 of 
FIG. 16. Memory 1600 includes routines 1602 and data/ 
information 1610. The processor 1022, e.g., a CPU, executes 
the routines 1602 and uses the data/information 1610 in 
memory 1600 to control the operation of the communications 
device 1000 and implement methods. Routines 1602 include 
a communications routines 1604 and control routines 1606. 
The communications routine 1604 implements the various 
communications protocols used by the communication 
device 1000. 

0108 Control routines 1606 include a TX/RX switch con 
trol module 1605, a phase shift control module 1608, a trans 
mitter antenna selection module 1601 and a receiver antenna 
selection module 1603. The TX/RX Switch control module 
1605 controls the operation of the TX/RX switch modules 
(1011, 1021, 1023). For example, based on some stored pre 
determined timing control information 1624, e.g., TDD tim 
ing structure information, the RX/Tx switch control module 
1605 sends a control signal or signals, e.g., signals (1058, 
1060, 1025) to the Tx/RX switching modules (1011, 1021, 
1023), respectively, to switch between receiver and transmit 
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ter module(s). Phase shift control module 1608 controls the 
phase shifter modules (1001, 1010) to be set to a particular 
phase shift value, e.g., a phase shift value that corresponds to 
the difference in polarization directions between the first and 
second antennas (1002, 1004). In various embodiments, the 
phase shifters (1001, 1010) are programmable, and the phase 
shift control module 1608 is used to program the phase 
shifters (1001, 1005). In some embodiments, the phase shift 
control module 1608 performs calibrations, e.g., to adjust 
phase shift variation due to manufacturing tolerances and/or 
changes such as environmental condition variation and/or 
component variations. 
0.109 Transmitterantenna selection module 1601 controls 
the transmitter antenna selection switch module 1014 to 
select between (i) using the first and second antennas (1002, 
1004) for transmission and using (ii) the third antenna 1006 
for transmission. Receiver antenna selection module 1603 
controls the receiver antenna selection switch module 1012 to 
select between (i) using the first and second antennas (1002, 
1004) for reception and using (ii) the third antenna 1006 for 
reception. In some embodiments, if a particular antenna is not 
selected to be used for either transmission or reception, a 
control signal sent its corresponding TX/RX Switch command 
ing the Switch to disconnect the antenna. 
0110 Data/information 1610 includes information such 
as antenna angle information 1622, e.g., information identi 
fying polarization direction differences between the various 
antennas which is used by the phase shifters (1001, 1001), 
timing control information 1624, e.g., a predetermined recur 
ring TDD timing structure information, stored data set 1 to be 
transmitted 1612, and stored received data set 1 information 
1616. This data/information 1610 is used by the device 1000, 
e.g. its processor 1022 and/or various selection and control 
modules e.g. phase shift control module 1608 and Tx/RX 
switch control module 1605, to control the operation of the 
communication device 1000 and implement methods. 
0111. In various embodiments, the first electrical antenna 
1002 has a polarization in a first direction and the second 
electrical antenna 1004 has a polarization in a second direc 
tion, and the first and second directions are different. In some 
Such embodiments, the third electrical antenna has a polar 
ization in a third direction, and the first, second and third 
polarization directions are each different from one another by 
more than 45 degrees. In some embodiments, the angle 
between the first and second directions is in the range of 80 to 
100 degrees. 
0112. In some embodiments, the phase shifter 1001 and/or 
the phase shifter 1010 introduce a phase shift by a predeter 
mined amount, the predetermined amount being a function of 
the angle between the first and second polarization directions 
associated with the first and second antennas (1002, 1004). In 
Some such embodiments, the angle between the first and 
second directions is 90 degrees and the phase shift is 90 
degrees. 
0113 FIG. 17 is a flowchart 1300 of an exemplary method 
of operating a communications device, e.g. a communica 
tions device 900 of FIG. 13, using a plurality of electrical 
antennas with different polarization directions in accordance 
with various embodiments. The exemplary method starts in 
step 1302, where the communications device is powered on 
and initialization is performed. Operation proceeds from start 
step 1302 to step 1304. In step 1304, the communications 
device proceeds as a function of whetherit is to be operated in 
a receive mode or transmit mode, e.g., in accordance with a 
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predetermined timing structure, e.g., a TDD timing structure. 
If the device determines that it is to be operated in a receive 
mode, Tx/RX switches, e.g., switches (911, 921, 931) of 
device 900, are controlled to be set to the receive mode, and 
operation proceeds from step 1304 to steps 1306, 1308 and 
1310, which are performed concurrently. However, if the 
device determines that it is to be operated in a transmit mode, 
TX/RX Switches are controlled to be set to the transmit mode 
and operation proceeds from step 1304 to steps 1326 and 
1328, which can be performed in parallel. 
0114. In step 1306, the communications device is operated 
to receive signals using the first electrical antenna, e.g. elec 
tric antenna 1902 of FIG. 13, which has a polarization in a 
first direction. In step 1308, the communications device is 
operated to receive signals using a second electrical antenna, 
e.g. electric antenna 2904 of FIG. 13, which has a polariza 
tion in a second direction which is different from the first 
direction. In step 1310, the communications device is oper 
ated to receive signals using a third electrical antenna, e.g. 
electric antenna 3906 of FIG. 13, which has a polarization in 
a third direction, and the third direction is different from both 
the first and second directions. In some embodiments, the first 
second and third antenna polarization directions are different 
from each other by more than 45 degrees. In some Such 
embodiments, the angle between the first and second polar 
ization directions associated with the first and second anten 
nas, respectively, is in the range of 80 to 100 degrees. Opera 
tion proceeds from step 1306 and 1308 to step 1312. In step 
1312 the communications device operates a first combiner 
module, e.g., module 903 of FIG. 13, to combine signals from 
the first and second antennas, said combining including Sub 
jecting a signal received by the first antenna to a phase shifting 
operation and Summing the resulting phase shifted signal 
with a signal received from the second antenna to produce a 
combined signal. In various embodiments, the phase shifting 
introduces a phase shift of a predetermined amount, and the 
predetermined amount is a function of the angle between the 
first and second antennas. In some embodiments, the angle 
between the first and second polarization directions, associ 
ated with first and second antennas, is 90 degrees and the 
phase shift is 90 degrees. Operation proceeds from step 1312 
to step 1314. 
0115. In step 1314, a first receiver module, e.g., receiver 
module 1908 of FIG. 13, is operated to perform filtering and 
analog to digital conversion on signals received from the first 
combiner to produce a first digital signal. 
0116 Returning to step 1316, in step 1316, a second 
receiver module, e.g., receiver module 2912 of FIG. 13, is 
operated to perform filtering and analog to digital conversions 
on signals received from the third antenna to produce a sec 
ond digital signal. Operation proceeds from steps 1314 and 
1316 to step 1318. In step 1318, a second combiner module, 
e.g., combiner module 924 of FIG. 13 combines the digital 
signals by performing a combining operation, e.g., a maximal 
ratio combining operation or a minimum mean square com 
bining operation. Operation proceeds from step 1318 to steps 
1320 and 1322 which are performed in parallel. In step 1320, 
a first recovery module, e.g., symbol recovery module 916 of 
FIG. 13, is operated to recover a first data stream 1321. The 
first recovery module uses as input, output signals from the 
second combiner module. In step 1322, a second recovery 
module, e.g., symbol recovery module 918 of FIG. 13, is 
operated to recover second data stream 1323. The second 
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recovery module uses as input, output from the second com 
biner module. Operation proceeds from steps 1320 and 1322 
to connecting node A 1324. 
0117 Returning to step 1326, in step 1326 a first transmit 
ter module, e.g., transmitter module 1910 of FIG. 13 is 
operated to generate signals to be transmitted from first trans 
mit data stream 1325. Operation proceeds from step 1326 to 
step 1329 and step 1332. In step 1329, a phase shifter module, 
e.g., phase shifter 905 of FIG. 13, phase shifts the generated 
signal from the first transmitter module. Operation proceeds 
from step 1329 to step 1330. 
0118 Returning to step 1328, in step 1328 a second trans 
mitter module, e.g., transmitter module 2914 of FIG. 13 is 
operated to generate signals to be transmitted from 2" and 
transmit data stream 1327. Operation proceeds from step 
1328 to step 1334. 
0119 Step 1330, step 1332 and step 1334 are performed in 
parallel. In step 1330 the communications device transmits 
the phase shifted signal, which is a processed signal from the 
first transmitter module, via the first antenna. In step 1332 the 
communications device transmits the output signal from the 
first transmitter module via the second antenna. In step 1334, 
the communications device transmits the generated signal 
from the second transmitter module via the third antenna. 
Operation proceeds from steps 1330, 1332 and 1334 to con 
necting node A 1324. 
I0120 Operation proceeds from connecting node A1324 to 
step 1304 where another decision is made as to whether to be 
in receive mode or transmit mode. In various embodiments, 
the mode alternates between receive and transmit in accor 
dance with a determined TDD timing structure. 
I0121 FIG. 18 comprising the combination of FIG. 18A 
and FIG. 18B is a flowchart 1700 of an exemplary method of 
operating a communications device, e.g., a wireless terminal 
Such as a mobile node, including a plurality of electrical 
antennas having different polarization directions, in accor 
dance with various embodiments. For example, the commu 
nications device includes first, second and third electrical 
antenna, each having a different polarization direction. In 
Some Such embodiments, the first antenna has a first polar 
ization direction, the second antenna has a second polariza 
tion direction and the third antenna has a third polarization 
direction, and the first second and third polarization direc 
tions are different from one another by more than 45 degrees. 
In some embodiments, the angle between the first and second 
directions is in the range of 80 to 100 degrees. The commu 
nications device is, e.g., communications device 1000 of FIG. 
15. Operation starts in step 1702, where the communications 
device is powered on and initialized and proceeds to step 
1704. 

I0122. In step 1704 the communications device determines 
whether it is to be in a receive mode or transmit mode, e.g., in 
accordance with current timing information and a predeter 
mined TDD timing structure. If it is determined that the 
communications device is to be in a receive mode, then opera 
tion proceeds from step 1704 to step 1706; however, if it is 
determined that the communications device is to be in trans 
mit mode, then operation proceeds from step 1704 via con 
necting node A 1707 to step 1736. 
I0123 Returning to step 1706, in step 1706, the communi 
cations device selects one of: (i) an antenna pair including 
first and second antennas and (ii) a third antenna to receive 
signals. Operation proceeds from step 1706 to step 1708. 
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0.124. In step 1708, the communications device is con 
trolled to proceed to different steps based on the selection of 
step 1706. If the selection is to receive using the antenna pair 
including first and second antennas, then operation proceeds 
from step 1708 to steps 1710 and 1712 which may be per 
formed in parallel. Alternatively, if the selection is to receive 
using the third antenna, then operation proceeds from step 
1708 to steps 1714 and 1716. 
0.125. In step 1710, the communications device operates 
TX/RX Switches, to couple the antenna pair to a combiner 
module, e.g., switches (1011, 1021) are operated to couple 
antennas (1002, 1004) to combiner module 1008 of FIG. 10. 
In step 1712, the communications device operates a receive 
antenna selection switch module, e.g., module 1012 of FIG. 
10, to couple a receiver module, e.g., module 1016 of FIG. 15, 
to the combiner module. Operation proceeds from steps 1710 
and 1712 to steps 1718 and 1720 which are performed in 
parallel. 
0126. In step 1718 the communications device operates 
the first electrical antenna, e.g., antenna 1002 of FIG. 15 to 
receive signals, while in step 1720 the communications 
device operates the second electrical antenna, e.g., antenna 
1004 of FIG. 10 to receive signals. Operation proceeds from 
steps 1718 and 1720 to step 1722. In step 1722 the commu 
nications device operates a combiner module to combine 
signals from the first and second antennas, said combining 
including Subjecting a signal received by the first antenna to a 
phase shifting operation and Summing the resulting phase 
shifted signal with a signal from the second antenna to pro 
duce a combined signal. In various embodiments, the phase 
shifting introduces a phase shift of a predetermined amount, 
the predetermined amount being a function of the angle 
between the first and second polarization directions associ 
ated with the first and second antenna, respectively. In some 
Such embodiments, the angle between the first and second 
antenna directions is 90 degrees and the phase shift is 90 
degrees. Operation proceeds from step 1722 to step 1724. In 
step 1724, the communication device operates the receiver 
module to perform filtering and an analog to digital conver 
sion on the signals received from the combiner to produce a 
digital signal. Operation proceeds from step 1724 to step 
1730. 

0127. Returning to step 1708, if in step 1708 it is deter 
mined that the selection of step 1706 is to use the third 
antenna to receive signals, then operation proceeds from step 
1708 to steps 1714 and 1716, which may be performed in 
parallel. In step 1714, the communications device operates a 
TX/RX switch to couple the third antenna to receive antenna 
selection switch module, e.g., switch 1023 is operated to 
couple third antenna 1006 to receiver antenna selection 
switch module 1012 of FIG. 15. In step 1716, the communi 
cations device operates the receive antenna selection Switch 
module to couple the receiver module input to the third 
antenna. Operation proceeds from steps 1714 and 1716 to 
step 1726. 
0128. In step 1726, the communications device operates 
the third electrical antenna, e.g., third antenna 1006 of FIG. 
15, to receive signals. Operation proceeds from step 1726 to 
step 1728. In step 1728 the communications device operates 
the receiver module to perform filtering and an analog to 
digital conversion on signals received from the third antenna 
to produce a digital signal. Operation proceeds from step 
1728 to step 1730. 
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I0129. In step 1730 the communications device operates a 
recovery module to recover a first data stream 1732. In some 
embodiments, the recovery module is included as part of the 
receiver module while in other embodiments, the recovery 
module is a separate unit. Operation proceeds from step 1730 
via connecting node B 1734 to step 1704, e.g., for another 
iteration. 
I0130 Returning to step 1736, in step 1736 the communi 
cations device selects one of: (i) an antenna pair including 
first and second antennas and (ii) the third antenna to transmit 
signals. The selection may be based on signal quality mea 
Surements and/or a received antenna selection control signal. 
Operation proceeds from step 1736 to step 1738. 
I0131. In step 1738, the communications device is con 
trolled to proceed to different steps based on the selection of 
step 1736. If the selection is to transmit using the antenna pair 
including first and second antennas, then operation proceeds 
from step 1738 to steps 1740 and 1742 which may be per 
formed in parallel. Alternatively, if the selection is to transmit 
using the third antenna, then operation proceeds from step 
1738 to steps 1744 and 1746 which may be performed in 
parallel. 
0.132. In step 1740, the communications device operates 
TX/RX switches, to couple the first antenna to a phase shifter 
output and the second antenna to a transmitter antenna selec 
tion Switch output, e.g., Switch 1011 couples first antenna 
1002 to phase shifter 1010 output, and switch 1021 couples 
second antenna 1004 to transmitter antenna selection switch 
module 1014 of FIG. 15. In step 1742, the communications 
device operates the transmit antenna selection Switch module, 
to couple a transmitter module, e.g., module 1018 of FIG. 15, 
output to the first antenna via the phase shifter and to a second 
antenna without traversing the phase shifter. Operation pro 
ceeds from steps 1740 and 1742 to step 1748. 
I0133) Returning to steps 1744 and 1746, in step 1744, the 
communications device operates a TX/RX Switch, e.g., Switch 
1023, to couple the third antenna, e.g., antenna 1006, to the 
transmit antenna selection switch module 1014 output. In step 
1746, the communications device operates the transmit 
antenna selection Switch module to couple a transmitter mod 
ule output to the third antenna. Operation proceeds from steps 
1744 and 1746 to step 1748. 
I0134. In step 1748, the communications device operates 
the transmitter module to generate signals to be transmitted 
using the first transmit data stream 1747 as input. Operation 
proceeds from step 1748 to step 1750. Step 1750 indicates 
that the generated signals are routed differently depending 
upon the selection of step 1736, since difference selections 
resulted in different switch settings. If the 1/2" antenna pair 
was selected in step 1736 to be used for the transmission, then 
operation proceeds from step 1750 to step 1752 and step 
1756; however, if the 3' antenna was selected in step 1736 to 
be used for transmission, then operation proceeds from step 
1750 to step 1758. 
I0135 Returning to step 1752, in step 1752 a phase shifter, 
e.g., phase shifter 1010, phase shifts the generated signal. In 
Some embodiments, the step of Subjecting the signal to be 
transmitted to a phase shifting operation includes phase shift 
ing the signal to be transmitted by a predetermined fixed 
amount which is a function of the angle between the first and 
second electrical antenna polarization directions. Operation 
proceeds from step 1752 to step 1754 in which the commu 
nications device transmits the phase shifted signal from the 
first antenna. In step 1756, which is performed in parallel to 
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step 1154, the communications device transmits the gener 
ated signal from the second antenna. In some other embodi 
ments, the communications device transmits the phase shifted 
signal from the second antenna, and transmits the generated 
signal from the first antenna. 
0.136 Alternatively, if the selection is to use the third 
antenna, in step 1758 the communications device transmits 
the generated signal from the third antenna. Operation pro 
ceeds from steps 1754 and 1756 or step 1758, via connecting 
node B 1734 to step 1704, where another receive/transmit 
mode determination is performed. 
0.137 FIG. 19 is a drawing of an exemplary communica 
tions system 1900 in accordance with various embodiments. 
Exemplary communications system 1900 includes a base 
station 1902 and a plurality of wireless terminals (WT 11904, 
..., WTN 1906). Base station 11902 includes antennas with 
different polarization directions (antenna 1908, antenna 
1910). WT 1 1904 includes multiple electrical antennas with 
different polarization directions (antenna 1912, antenna 
1914, antenna 1916). Similarly, WTN 1906 includes multiple 
electrical antennas with different polarization directions (an 
tenna 1918, antenna 1920, antenna 1922). WT 1 1904 is 
coupled to BS 1 1902 via wireless link 1924. WT N 1906 is 
coupled to BS 1 1902 via wireless link 1926. BS 1 1902 is 
coupled to other network nodes, e.g., other base stations, 
routers, AAA nodes, home agent nodes, etc., via network link 
1928. 

0.138. The exemplary wireless terminals (1904, 1906) are, 
e.g., wireless terminals in accordance with the implementa 
tion of one or more of: WT900 of FIG. 13, WT 1000 of FIG. 
15, the method of flowchart 1300 of FIG. 17 and the method 
of flowchart 1700 of FIG. 18. 

0.139. The techniques of various embodiments may be 
implemented using Software, hardware and/or a combination 
of software and hardware. Various embodiments are directed 
to apparatus, e.g., mobile nodes such as mobile terminals, 
base stations, communications system. Various embodiments 
are also directed to methods, e.g., method of controlling and/ 
or operating mobile nodes, base stations and/or communica 
tions systems, e.g., hosts. Various embodiments are also 
directed to machine, e.g., computer, readable medium, e.g., 
ROM, RAM, CDs, hard discs, etc., which include machine 
readable instructions for controlling a machine to implement 
one or more steps of a method. 
0140. In various embodiments nodes described herein are 
implemented using one or more modules to perform the steps 
corresponding to one or more methods, for example, signal 
processing, message generation and/or transmission steps. 
Thus, in some embodiments various features are imple 
mented using modules. Such modules may be implemented 
using Software, hardware or a combination of Software and 
hardware. Many of the above described methods or method 
steps can be implemented using machine executable instruc 
tions, such as Software, included in a machine readable 
medium such as a memory device, e.g., RAM, floppy disk, 
etc. to control a machine, e.g., general purpose computer with 
or without additional hardware, to implement all or portions 
of the above described methods, e.g., in one or more nodes. 
Accordingly, among other things, various embodiments are 
directed to a machine-readable medium including machine 
executable instructions for causing a machine, e.g., processor 
and associated hardware, to perform one or more of the steps 
of the above-described method(s). Some embodiments are 
directed to a device, e.g., communications device, including a 
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processor configured to implement one, multiple or all of the 
steps of one or more methods. 
0.141. In some embodiments, the processor or processors, 
e.g., CPUs, of one or more devices, e.g., communications 
devices such as wireless terminals are configured to perform 
the steps of the methods described as being as being per 
formed by the communications device. Accordingly, some 
but not all embodiments are directed to a device, e.g., com 
munications device, with a processor which includes a mod 
ule corresponding to each of the steps of the various described 
methods performed by the device in which the processor is 
included. In some but not all embodiments a device, e.g., 
communications device, includes a module corresponding to 
each of the steps of the various described methods performed 
by the device in which the processor is included. The modules 
may be implemented using Software and/or hardware. 
0142. While described in the context of an OFDM system, 
at least some of the methods and apparatus of various embodi 
ments are applicable to a wide range of communications 
systems including many non-OFDM and/or non-cellular sys 
temS. 

0143. Numerous additional variations on the methods and 
apparatus of the various embodiments described above will 
be apparent to those skilled in the art in view of the above 
description. Such variations are to be considered within the 
Scope. The methods and apparatus may be, and in various 
embodiments are, used with CDMA, orthogonal frequency 
division multiplexing (OFDM), and/or various other types of 
communications techniques which may be used to provide 
wireless communications links between access nodes and 
mobile nodes. In some embodiments the access nodes are 
implemented as base stations which establish communica 
tions links with mobile nodes using OFDM and/or CDMA. In 
various embodiments the mobile nodes are implemented as 
notebook computers, personal data assistants (PDAs), or 
other portable devices including receiver/transmitter circuits 
and logic and/or routines, for implementing the methods. 

1. A communication device, comprising: 
an electrical antenna, the electrical antenna having a polar 

ization in a first direction; and 
a magnetic antenna, the magnetic antenna having a mag 

netic field direction which is within 45 degrees of the 
first direction. 

2. The communication device of claim 1 wherein said 
electrical antenna is a dipole antenna. 

3. The communication device of claim 1, wherein said 
magnetic antenna is one of a loop antenna and slot antenna. 

4. The communication device of claim 1, wherein said 
magnetic antenna is an Alford loop antenna. 

5. The communication device of claim 1, further compris 
ing: 

a Switching module coupled to said electrical antenna and 
to said magnetic antenna for selectively Supplying the 
output of one of said antennas to a receiver chain module 
at any given time. 

6. The communication device of claim 5, further compris 
ing: 

a control module for controlling said Switch to Switch 
between said electrical antenna and said magnetic 
antenna based on one of a signal quality measurement 
and a received control signal. 

7. The communication device of claim 1, further compris 
1ng: 
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a first transmitter module coupled to said electrical 
antenna; and 

a second transmitter module coupled to said magnetic 
antenna. 

8. The communication device of claim 7, wherein said first 
and second transmitter modules receive different data streams 
for transmission. 

9. The communication device of claim 1, further compris 
ing: 

a transmitter module; and 
a Switching module coupled to said electrical antenna and 

to said magnetic antenna for selectively Supplying the 
output of said transmitter to one of said electrical and 
magnetic antennas. 

10. A method of operating a communications device, com 
prising: 

receiving signals using an electrical antenna having a 
polarization in a first direction to receive signals; 

receiving signals using a magnetic antenna having a mag 
netic field direction which is within 45 degrees of the 
first direction; and 

processing said signals received by said electrical antenna 
and said signals received by said magnetic antenna to 
recover communicated symbols. 

11. The method claim 10, wherein said electrical antennais 
a dipole antenna 

12. The method of claim 10, wherein said magnetic 
antenna is one of a loop antenna and slot antenna. 

13. The method of claim 10, wherein said magnetic 
antenna is an Alford loop antenna. 

14. The method of claim 10, further comprising: 
controlling a Switching module coupled to said electrical 

antenna and to said magnetic antenna to selectively Sup 
ply the output of one of said magnetic and electrical 
antennas to a receiver module at any given time. 

15. The method of claim 14, further comprising: 
generating a signal quality measurement measuring the 

signal quality of a signal received by one of said electri 
cal and magnetic antennas, and 

wherein controlling the Switching module includes con 
trolling said switch to switch between said electrical 
antenna and said magnetic antenna based on one of a 
signal quality measurement and a received control sig 
nal. 

16. The method of claim 10, further comprising: 
operating a first transmitter module coupled to said elec 

trical antenna to provide signals to said electrical 
antenna for transmission; and 
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operating a second transmitter module coupled to said 
magnetic antenna to provide signals to said magnetic 
antenna for transmission. 

17. The method of claim 16, further comprising: 
providing different data streams to said first and second 

transmitter modules for transmission. 
18. A communication device, comprising: 
electrical antenna means, the electrical antenna means hav 

ing a polarization in a first direction; and 
magnetic antenna means, the magnetic antenna means hav 

ing a magnetic field direction which is within 45 degrees 
of the first direction. 

19. The communication device of claim 18, wherein said 
electrical antenna means is a dipole antenna means. 

20. The communication device of claim 18, wherein said 
magnetic antenna means is one of a loop antenna means and 
slot antenna means. 

21. A computer readable medium embodying machine 
executable instructions for controlling a communications 
device to implement a method, the method comprising: 

receiving signals using an electrical antenna having a 
polarization in a first direction to receive signals; 

receiving signals using magnetic antenna having a mag 
netic field direction which is within 45 degrees of the 
first direction; and 

processing said signals received by said electrical antenna 
and said signals received by said magnetic antenna to 
recover communicated symbols. 

22. The computer readable medium claim 21, wherein said 
electrical antenna is a dipole antenna. 

23. The computer readable medium of claim 21, wherein 
said magnetic antenna is one of a loop antenna and slot 
antenna. 

24. An apparatus comprising: 
a processor for controlling a communications device to 

implement a method, the method comprising: 
receiving signals using an electrical antenna having a 

polarization in a first direction to receive signals; 
receiving signals using magnetic antenna having a mag 

netic field direction which is within 45 degrees of the 
first direction; and 

processing said signals received by said electrical 
antenna and said signals received by said magnetic 
antenna to recover communicated symbols. 

25. The apparatus of claim 24, wherein said electrical 
antenna is a dipole antenna. 

26. The apparatus of claim 24, wherein said magnetic 
antenna is one of a loop antenna and slot antenna. 

c c c c c 


